INTRODUCTION
Precise microwave characterization of low loss dielectric substrates represents still an interesting and challenging task. For cylindrical samples the whispering gallery mode (WGM) technique allows for measurements of arbitrary low loss (by choosing a mode for which all losses in a resonator are negligible apart from the dielectric loss). Unfortunately there is no equivalent of the WGM technique that can be applied to planar dielectrics. Hence low loss dielectric substrates can be characterized at best using the split post dielectric and the split cavity resonators. Less precise methods include the microstrip and stripline resonator techniques and using data measured for cylindrical samples of the same material.
The split-post dielectric resonator (SPDR) technique has proved to be useful for measurements of the complex permittivity of dielectric laminar specimens at frequency range 1-30 GHZ [I-61. Typically SPDR measurement fixtures are designed for measurements at room temperature or in a narrow range of temperatures close to 300K. We have constructed a SPDR to operate in a wide range of temperatures; from 20K to 400K. The constructed resonator was used for measurements of low loss single crystal planar dielectrics and verified with a single post dielectric resonator of higher resolution.
TI.

SPLIT POST AND SUPERCONDUCTING SINGLE POST DIELECTRIC RESONATORS
The fabricated SPDR is schematically shown in Fig. 1 . It employs BMT dielectric resonators on quartz support and contains no plastic parts. The loss tangent of a tested substrate is determined from the measured unloaded Qo-factor of the post resonator with the tested substrate using the loss equation as in [7] : where Qco describes conductor losses of the empty resonator, and K1 is a function of cry and h, per is the electric energy filling factor of the sample:
where Kp is a function of E{ and h. Again, the functions KI, and Kp, are pre-computed and tabulated for a number of E ; and h and interpolation is used to compute their values for specific b' and h.
The designed SPDR allows measurements of the perpendicular component of the real permittivity with uncertainty smaller than 0.5% [5] , and loss tangent with resolution of approximately 2~l O -~ at 20K. Such resolution may be not sufficient for measurements of some single crystal materials, eg used as substrates for deposition of High Temperature Superconducting thin films (HTS) at cryogenic temperatures. To verify measured tan6 of such very low loss dielectrics, the same substrates are measured in a single post dielectric resonator with superconducting end-plates (Su PDR) [8] schematically shown in Fig. 3 . The Su PDR operates at temperatures up to 80K and exhibits the resonant frequency of 10.808GHz and the QQ factor of 240,000 at 20K as presented in Fig. 4 Measurement results of loss tangent obtained with both resonators for the LSAT substrate is shown in Fig. 8 . A good agreement with discrepancies below 13% was obtained for temperatures higher than 50K. This is due to relatively large losses of the LSAT samples so it was possible to measure them accurately with both resonators. Table I .
CONCLUSIONS
The fabricated Split post resonator has proved to be usefd for microwave characterization of low loss planar dielectrics in a wide temperature range from 20K to 400K. Measurements of real part of permittivity using this fixture can be performed with f0.5% uncertainty and of loss tangent with the resolution of 2x10" at the lowest temperature. The SPDR was used for measurements of the perpendicular components of G' and tan6 of several low loss dielectric substrates in combination with the single post resonator with superconducting plates. The Su PDR provided increased resolution of dielectric loss tangent measurements of 2~1 0 -~ at temperatures below 80 K enabling verification (and elimination of some results) of the wide temperature measurement fixture. A good agreement with published results of bulk samples was obtained for (La,Sr)(A1,Ta)03, LaA103, MgO and quartz substrates.
